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(54) OPTICAL WAVEGUIDE AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To provide an optical waveguide having such 
a structure that the number of production processes 
can be largely decreased and characteristics can be 
improved, and to provide its production method. 
CONSTITUTION: Three thin film layers 6, 7, 8 each 
comprising a glass material having same refractive index 
and containing at least Ge02, in the intermediate layer 7 
are formed on a substrate 5. Then a specified mask 
pattern 9 is provided and the part where the core is to 
be formed in the intermediate layer 7 is irradiated with 
light of <260nm wavelength to produce different 
refractive index in the irradiated area from the area not 
irradiated in the thin film layers 6 f 7, 8. By this method, 
an optical waveguide having the part where different 
refractive index is induced as the core and the area not 
irradiated in the thin film layers 6, 7, 8 as the clad is 
formed. 



jiawj vw/i V77771 P7FP7T F777a. 




l - r-*: 




*sm twa ram few mm m -*r 



—5 



http://www19.ipdl.ncipi.go.jp/PA1/result/detail/main/wAAAHLai52DA408086929P1.... 06/09/27 

i 



(19) B#S4$gW (J P) 



< 12 > & IS & I* ^ $g (A) 



#Hii¥8- 86929 

(43)^IBH ¥j£8<f(1996)4J3 2 B 



©Dlnta.* iS®JI5# ^rtSSS^ FI &tgg|*©f?r 

G 0 2 B 6/13 
6/12 

G 0 2 B 6/ 12 M 

N 



«£St2fc »#Jg©&5 OL (£ 6 H) 



(21)tUH»# 


ftH¥6 -225034 




000002130 










(22)fflIBB 


¥j£6*p(1994)9£20B 




*RJ&*&TfJ'P£iK:lbS*B3TS 5 #33*1 








































#^;iim^Tfs*KBB«Br i mem 














<72)89!# 


K«5 em 






















(74)ftS!A 













(54) BgW©£*M 3t^&8&R^-€-©SBS*& 



(57) [fggj] 

*Mt<0|filJi«:ia*ii:*»-e§*«jt4:*i-*jfe« 

H 7 K^fc <HGe0 2 * 3 I^IM 6 , 

7, 8 SrH«5 JiUWSLTt^. mfc<Oy X? s*? -> 

6 0 nm*»Oifc*0**fflltt-4C:fcUJ:iK SMS 
6, 7, 8©jt*JSit»*fcli»ft*fflW*a£ft*»i6 

r , mmm 6,7,8 <o#*s»*» jj-a* * 9»Kt4* 



(a) 



(b) 



WiVi rraaa — rr/Yri T77T71 ufffJL. 




uhn brfa bzfea bafea bzfa bgfar^ 



t — 10 

JL9 



1 

£ *t x fiS: *> itmrm w^iS^ft \z v » x , 

fde^HS^OnTSrffM^iSC^-t-, 2 6 0 n m* 
»o««<ojfe*BH*rt-4 d tic J: •)> ttC3*«>i*R0> 
**SR#rtBfl- i: li * & * JB«f «ik t »8 S * * » 2 «> 

[ff$A2] H&E*W*U<±, 5Si%tt±OGeO 

«t<oB2 03 t .1 i-*»3jt:gii 

[IB*J13] *G*MOrt«>ttetf>m**|*<J| 
B2 Oa tPz Os <om^jX(t^-ffl^— 
i t t 1 UE*«>:)fc*ifttt«>« 

[K*^4] HfrETfcUli, 2 4 8 nmWtI©KrF 
5 J 37 L£ 777 K* s l«±t:©« 
2 6 0 n m*»0««03fc«:Bll«-* - t U J: *) f^fifc? 

*u ttie??? ki±> iwe=t x *)&mmm<oif9^u 

[0 0 0 1] 
[0 0 0 2 J 

«l±fc, FHDXIiCVDffiCi^ 53?**9^.^^> 
J&&TSB7 7 y KB 2 t, S5®ff^<7)53?**9^S 3 t 
*«*K8WL (II 5 (a) #H9) , Kjfrx.??- 

<t •) , =rrt^-5.-<^S5»-3 a £^J£L (HB (b) # 
M) . SO'FHDXIiCVDftCiot, "6i*£#*7 XjJ* 
<bl£*±8B7 7 7 K«4£> ±E»fl- 3 a X OTW 7 7 
y Ki2±i:«m;ti:J:»), ±E»4J-3 a £TSC 
77 7 K12 i_LgB7 7 7 KS 4 4 , t-5ISt#J(-8Lf£ LT 
nfc (mill (c) #BB) . 

[0003] ig^. #«jii8t*atiiix, mm 

(a) <OX5gKj3V»TI±, FHDXIiCVDffiCt^ 
•/Ua'/iSllCTSi'?? KB 2 fc 535**9 *B 3 
ti«*J:flWLTjiBt4. m0 (b) Olg 



(2) #§3^8-8 6 9 2 9 

2 

t«o7t7* h w->-x h^^*-r^o ma (c) <ois 

x^<bfi£.l>±gC7 7 y XESG5J-3 aSJ/TSP 

7 7 7 KB 2 ±IZ»S Lttt^ftlti, 

[0 0 0 4] Z<D£ n%wkrk-nm\zzz,m.*<T>itm®.%i 

t Ltli> #BJJB3 5 8- 1 0 5 1 1 1 1 
- 1 8 9 6 1 4 -S§-&$B, r JOURNAL OF LIGHTWAVE TECHN 
10 OLOGY,VOL.6,N0.6,JUNE 1988 pp.1003- pp.1010J <r>~X 

[0 0 0 5] 

*0**^8&(±. art ^^»-<^g|57>3 a fcflWWKT 
?7 K 2 &U*_tSR7 7 7 K 4 £ (±t>SI • ffi^KffM 
Lfcffe, ±ffl$7 57 K 4 rt*»B $ ft* i t J= «t , 3£R 
MC37t^77 K«0— #<ffcjj«ia ?> *L^#jf i & o TV* 

20 [0 0 0 6] JzEw«jt*|t»-*-*fc*U» SSii 

XS«:*** < * £ HIM o fc„ X, Rl&x . y ^ > 
fcv>T-5^**7 XI 3 <7)-f:geB^^^ 1 0 M mgSOf 

- ^ > 7*(0«IS ?r rSj± 2> £ t * S B!S t % £ BUS** 

?77Ki4t<0WTffli:tf)4:^ (0!lxt±\ &1 

* m iz&m l 7fe*?£K «: n^-r ^ c: t &mm t 

50 [0 0 0 7] IgK> 37i:ibfLtfti!/f$<0?7y Ki 
4 * j|3Ri--5£>3?X, Xffl7 7 7 b'm 4 U«tn»«:** 

[0 0 0 8] i€tcX> HI 5 (b) tc^1-«t-9(C, 37i 

44'**^ a* 1 , m&x&*nzH-tim8t\zmztL& 

[0 0 0 9] *%WI±, -<0i:9^^**$Wtc|Sgi(CS 
[0 0 10] 

[f«eSrfi?ife1--2.7t:*0^g] i<0J:^^g^^ig)S-t 
50 ffM$tLT«:^7t*rftB&t-ecoS}^ffi(Cij^T, tc^ 



-2- 



3 

i?)37?rfMt^l8l!»i:, 2 6 0 n m*«<0$5O* 

[0 0 1 1] X, flSrIB+W®U»±, 5ll%HlOGe 

7 2 6 0 nm*rS<Oi£gOjfc*HB 

StiitCJ:^ 1»E3«O»BI<03fc*!H#t»»tJi 

[o o i 2] itfrts*iMortottflg*mv*i!jKJi 
B2 Oa tPa Os ow^xii^-ffia*— 

2 6 0 n m*«<OT£«<TC7fc^BBSt-f & ItCJ;^ fl&SE 
3«O»R<0jt*BB#t»*i:li»5:*Jffli»fspgE'ftS:»ie 
$•^-2. ^ tic J: «rHB37i*7y K£*3lLfco 
[0 0 1 31 X. tfrlMfcUli, 2 4 8 nm<OlfWKr 

[0014] 

[gttOT] KIT, *»ifl»cJ:4*i»*ttk-e-Oj!|jS*ft 

v»T-€-0*a^rife«:KW1-*, II (a) tc^i"J:o 

>"J 3>3£«5JbK, ^Cjfe^Stft (FHDft) tcj: 
»K TS8^7 7K16i:, 3 7 t , ±g&;7 7 y 

[0 0 15] ;;T% Tffi*7-y KS6 t±SP^7^ K 
Jg8(i, B2 Os ?r5£l:%S.oP2 Os £ 7 Sfi%-§" 
*i-^>->'J nVtf^fffMU =»r^)S7»±, Ge 
02^1 5ii%fioB 2 03 £2 0**%-^-*- £5 
^7^T?Mt*Ct(:i TSB^y KB 6 SO* 
±gf>:y- 7 y KB 8 K*l"f & n 7®Jj» 7 OJtfflW^M 
Sr. 3 7§S87OW«0. 0 2 %i§5 < £ 9 K L 
fco TSB?7y KB 6<7>J?££i& 1 5 m, 37 

®fi£B 7 <7)mZZ$J7 ftm, ±M?7V KB8<75H££ 
ftl O^mt LtZo 

[0 0 16] ^ B2 O3 IJ, >«; 3>**7^.°£v»li5 

Ur^ftT^Jtv^) T-*D, Ge02 tPa Os l±, > 
y :I>#7;^*^Mi-ff3S#7*OJH«**±#•?^»-.&fc 
^«>«>?SiJltf■J (WT< Jffl«f*±##J4:v^) T-&& 0 io 
"C, JiIEL/c i 9 »*U Tg&* 7 y KB 6 ROMi^* 7 v 
KB 8 U*t-f& =7 TKf&m 7 OJtfflW^SrSrSOltU 
BBc-f TUtyv KB 6 t ±SB ? 7 y KB 8 

t;*^^a<7>S*/f^®T^JB2 O3 fc««sp±*JWP 
2 Os ir-g-^TJ-e^CtlcioT, i ft <b <7>B 6 , 80 



(3) 3$fi"j¥8 - 8 6 9 2 9 

ois*if^fiT^jB2 03 tmtftm±%-mG e02 z^m 

[0 0 1 7] 1SU **4-a-#sp<Ott36»«l*a*?*9l 

#7xi:5it%).uoGe02 z^z-trz^rmm. 

mi Staffing LTii&, T86? 7 v KB 6 i"±S*5^ 7 
•y KB 8 a TffcfifcB 7 OJtJBffVilfeWftfeOlt 

ttiiTC, T»*5? KB 6 £±M9 5 y K18S 
70 0 ( 3 7ISS 7 (C#^&S-ti-^®*T^ffiT^JB2 03 ti 
W*±##JP2 Os 0-S-**4:aiH-1i«W«l-f4J:9 

tart <tv^ 0 

[0 0 18] -€-LT. i<OJ:?ft1i«*U»*fT-7fc*!>U 
14, i*nbOJBW*fiT#JfcJnWsp±#ffl*^<«-*L 
i^v^-zA'^XiBl^X*, Ull (a) (C^f 
5 y KB 6 Rlf±U9 7 v KB 8 Rtf=> 7M8 
7 O i 9 ^ 3 t L/: ^ c> if, fflSLtzJi 

#, *»5S»*»aS:«i|l»rLr. JfflW$1B:T#Ji:JBW-t 

[0 0 19] »K -hSR? 9 y KB 

8<7>Jt®tc> ^2 0 0 0*>^*X h n-A<7)I9£«D-> >; 

37^?-/tB*L, MK, Ull (b) Utk-TJ:^ 
H^y';nyi9^f?«o tajxif. ft 

->>J 3 >R 9 0^-1111^ 6 m t LfZo JL. 

(a) - (c) izm-t to 9- ymftin-t- 

Z>i><7>tfmmr'Z2> 0 12 (a) <7>0!II4, g?L = 40 
mm, iffiW= 5 mmOyy^^^^SlC Sfrti&mBi*H'i%.-t 
i 3 7 a* ? - y Lit <> l) , HI2 

(b) <O^J(±, fi£ L = 4 0 mm, |SW=5mmff)#7 

il&1&Ltzi><OX-*>t). 112 (c) <7)^1JI±, ft$L = 4 
0 mm, $SW= 5 mmCOyy^XS^t- 2 X 2 7>(RIalf&5r 
4 Jt*!)Or7/^-> *ML^ <> <D-C£> 

40 ^)o 

[0 0 2 0] 3>JR9*tS:ltfc4iOttS8 
■C, 1 0 O^CEE, 5 0 < COjjc3R#H&'P 1-8,1 BF^J|XS 

-r^> c t iz x •? , tu? 9 y kj» 6 t^Titmm 7 so-* 

±85^ 7 y KB8<OF*]co, 3T'*?->l,Zttfc-rZ>Mft 

[0021] 01 (c) (c^i-i^tc, 

9 tc J: & 7^"?- > t |bJ— atf$-<0 37^^-y^rt 
1 0 £->'J 3>8^9±{;S£®L, 77?10 
W±?3^'br'Ee5i'2 4 8 nmB.o54K^5 OOkJ/c 
50 m 2 COK r FxdfyTW-ff ^2 07>raW. H .3.tt 



-3- 



5 

[0 0 2 2] COiTtc, #5er££<7>ft£.HH#H-£i:, 
7 (D\ft<7>1tt<D?BMZfttz®fr (01 (d) 4" 

7 <0»^«0^1Si: TSC >77Ki68 t>*±g|5 7 KJB 
8 <t ») &0. 2 3%±#U 37i77'^ KOJtS 

[0 0 2 3] i*k H3(i, ±IE*ftOK r Fi*i/7l/ 
— VitZWtMLtzZ fctCfc ^£,^37^777 KO 

P - V it £ ?m L tzWi<£<r> , 7tfl?.#tB# RU ic*t-f * JtJBffi 

< , ±ie^ft<7)K r Fx 

HHtcT7?i-Jn<, ft^i:^7 7K (b, dosbt}-) 

[0 0 2 4] ±!2^x+yvU- if 

£5531* J.O 2 6 0 n m*^<0^-^S7t mftlb) 
KXhmMimmt^*), 3 7M1 7* C37 ttth 
-< % ■&W&\^<r>1&& KRS £ Z>Zt *«-C i £>o BP 

[0 0 2 5] 5lt-> *»*»4»it*ftJ-J: *K fi?40m 

Si&O. 0 5dB, I^tO. 2 5dB, WtO. 1 

4 C: t tfX'Z -5 i t MIBSftfc. 
[0 0 2 6] ^ 12 (a) tZTjrrvx^^-vir J: 

fiaSdUfe«i¥*&-C9. 6 5 d B (lal&fl£9 d B) T% 



(4) #P3T 8-8 6 9 2 9 

l7>ttii£ l) 0. 2dB§St-*o^ :it 

KSrfr? *!>U, 112 (a) UTjrt-r* -> 
^tt*ff)FHD-R I Er£<oa^-g-t?-ttU«t4. 8t> 

»£«r*?il Lfcti*, AfrofiasaWcttW-C 1 0. 
5dBT-*»K S^HifeCTO^Wb^C^T-O. 8 
d B<0^p14[6]±7!) s l,ib*t^o 
70 [0 0 2 7] X. ftfflT-C!asBE<OiWEO**tea«:fi : o 
*a-C«^WO**«ia*fTdii:UJ:»), Ge 

Oz ui-s^ngoy;*— «ri#jiD$*, ztuzmti 

itmifimmzo. i%ja±K-r*£t<>T«rtg-e**o 
[0 0 2 8] jy.±U8iWU^:J:-7»-, - <7>*i£W- J: *i 

^g&frfc^ fe^fiKL^v^OT. 37t777 FiOfI 
£ £ t a*T-# 4 fc#K3FW»$r fc-<ozi 

[0 0 2 9] 

S»#8c 4 - t *»-C* 4 C 

[H®Offi*^|ji^] 

[HI] *HW«-J:47t*^KO«jtS.0 f -?-Of!»ig*ft 

50 [HI2] Tfe^Ko^r^-^'-xo-'piI^TFl-gi^lir- 
£>4 0 

[11 3 ] 7fcM*fB#HU*f-*-& 37t777 KOikBW^ 

[H14] J7t?77 KOi^W^ifStM 
7"7 7T-*S„ 

[H5] tt*0*»«K0*jS*ft*K«Hi-4yiiC>w|)l 
[^■f-oSiM] 

5 -v'J n >^«, 6-Tffi^7 7K8, 7-37M 
40 8-1^^7 7 Ki, 9— v"j3>i > 1 O-v^. 



-4- 



(5) 



#BW8-8 6 9 2 9 



111 



[12] 



(a) 



T7777\ 777T7\ fJJJSl Tffftl 



(b) 






: ; : ; : 


\ 








p*7i \vhn \vhn 






i t 


i 1 1 — r 



-10 



(c) 



-8 
-6 
-5 



^ KSM RMM k\\\^ 7 

6 



(d) 



tt4 

0.3 

9 " 

» 

o.o 



[SI 3] 
































— ( 






> 




) 






































































— i 










s— — 









(a) 




(b) 



(c) 



[04] 



ABC 



0 GO 100 ISO 200 





(a) 



T 

w 

i 



[11 5] 



J 



(b) 



3a 3a 3a 



:-2 
—1 



(c) 



3a 3a 3a 

3ZZSZZS 



4 
-1 



-5- 



(6) #KI¥8 -8 6 9 2 9 



W«JII!fl-«^ttT*EBBSf8Tl*Jfil ffi^m 



-6- 



JP,08-086929,A [CLAIMS] Page 1 of 1 

* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture approach of optical waveguide that the clad which laid the core 
underground is formed on a substrate and changes It consists of glass material with a respectively equal 
refractive index, and is Ge02 to an interlayer. By irradiating light with a wavelength of less than 260nm 
into the 1st process which carries out the laminating of the three-layer thin film layer to contain on a 
substrate, and the part which should form the core in said interlayer The manufacture approach of the 
optical waveguide characterized by having the 2nd process to which induction of the refractive-index 
change which is different in a part for the non-irradiated area of said thin film of three layers is carried 
out. 

[Claim 2] In said interlayer, it is 5% of the weight or more of Ge02. Only B-2 03 which compensates a 
refractive-index difference with the layer of the remainder of said thin film layer The manufacture 
approach of the optical waveguide according to claim 1 characterized by making it contain. 
[Claim 3] To the layer except said interlayer of said thin film layers, it is B-2 03. P2 05 The 
manufacture approach of the optical waveguide according to claim 1 characterized by making both or 
either contain. 

[Claim 4] The manufacture approach of the optical waveguide according to claim 1 characterized by 
applying the parallel light by which outgoing radiation was carried out from the KrF excimer laser with 
a wavelength of 248nm to said light. 

[Claim 5] Setting to the optical waveguide of which the clad which laid the core underground is formed 
on a substrate, and consists, said core is Ge02 at least. It is the optical waveguide which is formed by 
irradiating light with a wavelength of less than 260nm at the glass material to contain, and is 
characterized by said clad consisting of the glass material of a low refractive index from said core. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical waveguide and its manufacture approach of 

the quartz system widely applied to the optical-communication field etc. 

[0002] 

[Description of the Prior Art] The conventional optical waveguide was formed of the manufacture 
process as shown in drawing ^ . Namely, the lower cladding layer 2 which consists of quartz glass with 
FHD or a CVD method on a silicon substrate 1, By carrying out the laminating of the quartz-glass layer 
3 of a high refractive index one by one (referring to drawjng_5 (a)), next removing the garbage of the 
quartz-glass layer 3 by reaction etching Partial 3a which should become a core is formed (refer to this 
drawing (b)). Again with FHD or a CVD method The above-mentioned partial 3a was substantially laid 
underground into the lower cladding layer 2 and the up cladding layer 4 by carrying out the laminating 
of the up cladding layer 4 which consists of quartz glass on above-mentioned partial 3a and the lower 
cladding layer 2 (refer to this drawing (c)). 

[0003] Furthermore, if each production process is explained in full detail, in the process of this drawing 
(a), on a silicon substrate 1, the laminating of the lower cladding layer 2 and the quartz-glass layer 3 will 
be carried out one by one, and they will be sintered with FHD or a CVD method. Next, in the process of 
this drawing (b), after forming a photoresist in the front face of the quartz-glass layer 3 and performing 
patterning, reaction etching removes the garbage of the quartz-glass layer 3, and the photoresist which 
became unnecessary is removed. In the process of this drawing (c), again, with FHD or a CVD method, 
the laminating of the up cladding layer 4 which consists of quartz glass is carried out on above- 
mentioned partial 3a and the lower cladding layer 2, and sintering processing is carried out. 
[0004] It is indicated by JP,58-1051 1 1,A, JP,1-189614,A, and the reference of "JOURNAL OF 
LIGHTWAVE TECHNOLOGY, VOL.6, NO.6, JUNE 1988 pp.1003- pp.1010" as conventional optical 
waveguide by such manufacture approach. 
[0005] 

[Problem(s) to be Solved by the Invention] However, as for the lower clad 2 and the up clad 4, the up 
clad 4 separation and after forming independently has structurally a core and the structure where 
unification of a clad was attained, substantially by carrying out a laminating in partial 3a from which 
such conventional optical waveguide should serve as a core. That is, although the conventional optical 
waveguide was inherent in this structure therefore, it had the following troubles. 

[0006] First, in order to realize the above-mentioned structure, there was a problem more than which the 
number of production processes increases. Moreover, since the garbage of the quartz-glass layer 3 
needed to be removed by the thickness of about 10 micrometers in reaction etching, there was a problem 
from which it becomes difficult to raise the precision of patterning by the photoresist. Furthermore, it 
was difficult to realize optical waveguide which reduced scattering loss by leaps and bounds by that (for 
example, for it to become about several 1 00 A granularity) of which the interface of a core, the above- 
mentioned partial 3a which changes, and the up cladding layer 4 finally does not consist evenly. 
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[0007] Furthermore, although the up cladding layer 4 was made to contain an additive, when carrying 
out the laminating of this up cladding layer 4, deformation of the above-mentioned partial 3a by 
diffusion of an additive etc. was invited, and there was a case where it was difficult to manufacture the 
optical waveguide of the property of the request corresponding to a design specification on the need of 
realizing the cladding layer 4 of a low refractive index to a core. 

[0008] Furthermore, as shown in drawing 5 (b), there was a problem of this dust serving as [ in / partial 
3a which should become a core will be exposed to an external environment into a production process, 
and the dust in an environment (dust and impurity) etc. adheres, and / in becoming the cause of 
scattering loss **** / subsequent heat-treatment ] air bubbles, and inviting scattering loss again. 
[0009] This invention aims at offering the optical waveguide which has the structure where 
improvement in a property can be aimed at, and its manufacture approach while it can be accomplished 
in view of a technical problem on such a conventional technique and can reduce the number of 
production processes sharply. 
[0010] 

[Means for Solving the Problem] In the optical waveguide of which the clad which laid the core 
underground is formed on a substrate, and this invention consists in order to attain such a purpose, and 
its manufacture approach It consists of glass material with a respectively equal refractive index, and is 
Ge02 to an interlayer. By carrying out the laminating of the three-layer thin film layer to contain on a 
substrate, and irradiating light with a wavelength of less than 260nm at the part which should form the 
core in said interlayer Said core and clad were realized by carrying out induction of the refractive-index 
change which is different in a part for the non-irradiated area of said thin film of three layers. 
[001 1] Moreover, in said interlayer, it is 5% of the weight or more of Ge02. Only B-2 03 which 
compensates a refractive-index difference with the layer of the remainder of said thin film layer It is 
made to contain. Said core and clad were realized by carrying out induction of the refractive-index 
change which is different by irradiating light with a wavelength of less than 260nm in a part for the non- 
irradiated area of said thin film of three layers to the part which should form the core in said interlayer. 
[0012] Moreover, it is B-2 03 to the layer except said interlayer of said thin film layers. P2 05 Said core 
and clad were realized by making both or either contain and carrying out induction of the refractive- 
index change which is different by irradiating light with a wavelength of less than 260nm in a part for 
the non-irradiated area of said thin film of three layers to the part which should form the core in said 
interlayer. 

[0013] Moreover, we decided to apply the parallel light by which outgoing radiation was carried out 

from the KrF excimer laser with a wavelength of 248nm to said light. 

[0014] 

[Example] Hereafter, one example of the optical waveguide by this invention and its manufacture 
approach is explained with a drawing. First, the manufacture approach is explained based on drawin g 1 . 
As shown in this drawing (a), the laminating of the lower cladding layer 6, the core formative layer 7, 
and the up cladding layer 8 is carried out one by one by the flame volume method (FHD law) on a 
silicon substrate 5. 

[001 5] Here, the lower cladding layer 6 and the up cladding layer 8 are B-2 03. 5 % of the weight and 
P2 OS Forming with the silicon glass contained 7% of the weight, the core formative layer 7 is Ge02 15 
% of the weight and B-2 03 The relative index difference of the core formative layer 7 to the lower 
cladding layer 6 and the up cladding layer 8 was made for the direction of the core formative layer 7 to 
change highly about 0.02% by forming with the quartz glass contained 20% of the weight. Furthermore, 
thickness of about 7 micrometers and the up cladding layer 8 was set [ the thickness of the lower 
cladding layer 6 ] to about 10 micrometers for the thickness of about 15 micrometers and the core 
formative layer 7. 

[0016] In addition, B-2 03 It is an additive (henceforth a refractive-index fall agent) for reducing the 
refractive index of silicon glass or quartz glass, and is Ge02. P2 05 It is an additive (henceforth a 
refractive-index rise agent) for raising the refractive index of silicon glass or quartz glass. Therefore, as 
described above, in order to set the relative index difference of the core formative layer 7 to the lower 
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cladding layer 6 and the up cladding layer 8 as a desired value the lower cladding layer 6 and the up 
cladding layer 8 - respectively - the refractive-index fall agent of the specified quantity ~ B-2 03 a 
refractive-index rise agent P2 05 While controlling the refractive index of these layers 6 and 8 by 
making it contain It is refractive-index low laxative B-2 03 of the specified quantity to the core 
formative layer 7, respectively. Refractive-index rise agent GeO 2 The refractive index of this layer 7 is 
controlled by making it contain. 

[001 7] However, the setting mode of this content is a selection matter, and is not limited to this, for 
example, quartz glass - 5% of the weight or more of Ge02 the refractive-index fall agent which the 
lower cladding layer 6, the up cladding layer 8, and the core formative layer 7 are made to contain so 
that the relative index difference of the core formative layer 7 to the lower cladding layer 6 and the up 
cladding layer 8 may change with a predetermined value beforehand supposing the core formative layer 
7 made to contain - B-2 03 a refractive-index rise agent - P2 05 It may be made to carry out the 
compensatory control of the content suitably. 

[0018] and in order to perform such a compensatory control Supposing it carries out a laminating to a 
three-tiered structure like the lower cladding layer 6 which shows the silicon glass which does not 
contain these refractive-index fall agents and a refractive-index rise agent at all, and quartz glass to 
drawingj (a), the up cladding layer 8, and the core formative layer 7 The structure which a refractive- 
index difference does not produce is mutually checked beforehand by experiment etc., and it is suitable 
to set up the content of a refractive-index fall agent and a refractive-index rise agent on the basis of this 
structure. 

[0019] Next, after vapor-depositing a silicone film with a thickness of about 2000A on the top face of 
the up cladding layer 8 by the spatter, a photosensitive resist is applied, a desired core pattern is 
exposed, only the part corresponding to the core pattern of the silicone films is removed, and the 
residual silicone film 9 is made to remain by plasma etching by chlorine gas further, as shown in 
drawing 1 (b). Here, in order to set to 6 micrometers the bore r of the core which should finally be 
formed, for example, each width of face of a silicone film 9 was set to 6 micrometers. Moreover, what 
has the pattern configuration of arbitration as shown in drawing 2 (a) - (c) as a photo mask for forming a 
core pattern, for example is applicable. The example of drawin g 2 (a) forms the core pattern for realizing 
eight branch circuits to a glass substrate with a die length [ of L= 40mm ], and a width of face of W= 
5mm. The example of drawin g 2 (b) Forming the core pattern for realizing 2x8 branch circuits to a glass 
substrate with a die length [ of L= 40mm ], and a width of face of W= 5mm, the example of drawin g 2 
(c) forms the core pattern for realizing 4 sets of 2x dichotomy circuits to a glass substrate with a die 
length [ of L= 40mm ], and a width of face of W= 5mm. 

[0020] Next, the part corresponding to the core pattern of the lower cladding layer 6, the core formative 
layer 7, and the up cladding layers 8 is made to carry out diffusion osmosis of the hydrogen gas in the 
condition [ having formed the silicone film 9 ] by holding for about one day into 100 atmospheric 
pressures and a 50-degree C hydrogen ambient atmosphere. 

[0021] Next, the mask 10 which has the core pattern of the same shrinking percentage as the core pattern 
by the silicone film 9 as shown in drawin g 1 (c) is arranged on a silicone film 9, and, for wavelength, 
248nm and reinforcement are 500 kJ/cm2 from the upper part of a mask 10. The optical exposure of the 
KrF excimer laser light is carried out by carrying out the parallel exposure during about 20 minutes at 
the part (part of a core pattern) from which the silicone film 9 is removed. And the silicone film 9 which 
became unnecessary is removed after an optical exposure. 

[0022] Thus, if the light of specific wavelength is irradiated, rather than the field, the residual lower 
cladding layer 6, and the residual up cladding layer 8 of the core formative layer 7 by which light is not 
irradiated, the refractive index of the part (shadow area in drawin g 1 (d)) by which the light of the core 
formative layers 7 was irradiated rises about 0.23%, and, finally can realize optical waveguide from 
which the relative index difference of a core and a clad becomes 0.25%. 

[0023] In addition, the characteristic curve which drawing. 3 shows the observation result of the relative 
index difference of a core and a clad obtained by having irradiated the KrF excimer laser light of the 
above-mentioned conditions, and is shown by O mark in this drawing After making the part 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/21/2006 



JP 3 08-086929,A [DETAILED DESCRIPTION] 



Page 4 of 4 



corresponding to a core pattern carry out diffusion osmosis of the hydrogen gas on the above-mentioned 
conditions The characteristic curve which shows change of the relative index difference over the optical 
irradiation time at the time of irradiating the KrF excimer laser light of the above-mentioned conditions, 
and is shown by ** mark in this drawing Change of the relative index difference over the optical 
irradiation time at the time of irradiating the KrF excimer laser light of the above-mentioned conditions 
is shown by comparison, without carrying out diffusion osmosis of the hydrogen gas. After carrying out 
diffusion osmosis of the hydrogen gas so that clearly from this drawing, by irradiating KrF excimer laser 
light, the part which should serve as a core can be made to generate the crystal defect of a high refractive 
index, and as the continuous line in drawin g 4 shows, finally the core (part of C) of a high refractive 
index can be realized rather than a clad (parts of B and D). In addition, the part A in drawin g 4 is 
equivalent to a substrate. 

[0024] Here, as a result of using the above-mentioned excimer laser, the crystal defect of a high 
refractive index which the exposure of by high intensity and less than 260nm single wavelength light 
(ultraviolet radiation) should be attained, and should serve as a core into the core formative layer 7 is 
realizable. That is, since reinforcement has wavelength width of face low in a low-pressure mercury 
lamp or a deuterium lamp, it is not suitable. 

[0025] Furthermore, although connection loss with a single mode fiber was included when straight-line 
optical waveguide with a die length of 40mm was manufactured and the transmission loss was surveyed 
by this manufacture approach, it is about 0.1 2dB in 0.25dB and an average at at least 0.05dB and max, 
and it was checked that optical waveguide with very little transmission loss is realizable. 
[0026] Moreover, while having eight branch circuits by the mask pattern shown in drawin g 2 (a), when 
transmission loss of the optical waveguide which used each branching structure as the Y branch mold 
was surveyed, the transmission loss of the whole was 9.65dB (9dB of losses of circuit) on the average, 
and the loss per branching was about 0.2dB. This originates in that the branching configuration of a core 
is good and there is little radiation loss. Moreover, in order to perform the comparison with the result of 
this example, and the conventional technique, when the optical waveguide which has eight branch 
circuits by the combination of the conventional FHD-RIE method using the mask pattern shown in 
drawing 2 (a) was manufactured and transmission loss of that optical waveguide was surveyed, the 
whole transmission loss is 10.5dB on an average, and the 0.8dB improvement in a property was clearly 
found for the direction of the example concerned on the average. 

[0027] Moreover, it is Ge02 by performing the aforementioned high-pressure hydrogen processing 
under low temperature, or performing short-time hydrogen processing at an elevated temperature. It is 
also possible to make relative index difference of a core and a clad 0.1% or more by making the 
precursor of the defect to depend increase and performing the aforementioned optical exposure to this. 
[0028] Since the part which can reduce the number of production processes sharply as compared with 
the conventional technique, and should serve as a core by reaction etching etc. is not beforehand formed 
according to this example as explained above, while being able to carry out flattening of the interface of 
a core and a clad easily, mixing of an impurity etc. can be prevented beforehand, and optical waveguide 
with little scattering loss can be realized. 
[0029] 

[Effect of the Invention] As explained above, while being able to reduce the number of production 
processes sharply according to this invention, the optical waveguide which has the structure where 
improvement in a property can be aimed at, and its manufacture approach can be offered. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the optical waveguide and its manufacture approach of 
the quartz system widely applied to the optical-communication field etc. 
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PRIOR ART 



[Description of the Prior Art] The conventional optical waveguide was formed of the manufacture 
process as shown in drawin g 5 . Namely, the lower cladding layer 2 which consists of quartz glass with 
FHD or a CVD method on a silicon substrate 1, By carrying out the laminating of the quartz-glass layer 
3 of a high refractive index one by one (referring to drawin g 5 (a)), next removing the garbage of the 
quartz-glass layer 3 by reaction etching Partial 3a which should become a core is formed (refer to this 
drawing (b)). Again with FHD or a CVD method The above-mentioned partial 3a was substantially laid 
underground into the lower cladding layer 2 and the up cladding layer 4 by carrying out the laminating 
of the up cladding layer 4 which consists of quartz glass on above-mentioned partial 3a and the lower 
cladding layer 2 (refer to this drawing (c)). 

[0003] Furthermore, if each production process is explained in full detail, in the process of this drawing 
(a), on a silicon substrate 1, the laminating of the lower cladding layer 2 and the quartz-glass layer 3 will 
be carried out one by one, and they will be sintered with FHD or a CVD method. Next, in the process of 
this drawing (b), after forming a photoresist in the front face of the quartz-glass layer 3 and performing 
patterning, reaction etching removes the garbage of the quartz-glass layer 3, and the photoresist which 
became unnecessary is removed. In the process of this drawing (c), again, with FHD or a CVD method, 
the laminating of the up cladding layer 4 which consists of quartz glass is carried out on above- 
mentioned partial 3a and the lower cladding layer 2, and sintering processing is carried out. 
[0004] It is indicated by JP,58-1051 1 1,A, JP,1-189614,A, and the reference of "JOURNAL OF 
LIGHTWAVE TECHNOLOGY, VOL.6, NO.6, JUNE 1988 pp.1003- pp.1010" as conventional optical 
waveguide by such manufacture approach. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, while being able to reduce the number of production 
processes sharply according to this invention, the optical waveguide which has the structure where 
improvement in a property can be aimed at, and its manufacture approach can be offered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, as for the lower clad 2 and the up clad 4, the up 
clad 4 separation and after forming independently has structurally a core and the structure where 
unification of a clad was attained, substantially by carrying out a laminating in partial 3a from which 
such conventional optical waveguide should serve as a core. That is, although the conventional optical 
waveguide was inherent in this structure therefore, it had the following troubles. 

[0006] First, in order to realize the above-mentioned structure, there was a problem more than which the 
number of production processes increases. Moreover, since the garbage of the quartz-glass layer 3 
needed to be removed by the thickness of about 1 0 micrometers in reaction etching, there was a problem 
from which it becomes difficult to raise the precision of patterning by the photoresist. Furthermore, it 
was difficult to realize optical waveguide which reduced scattering loss by leaps and bounds by that (for 
example, for it to become about several 100A granularity) of which the interface of a core, the above- 
mentioned partial 3a which changes, and the up cladding layer 4 finally does not consist evenly. 
[0007] Furthermore, although the up cladding layer 4 was made to contain an additive, when carrying 
out the laminating of this up cladding layer 4, deformation of the above-mentioned partial 3a by 
diffusion of an additive etc. was invited, and there was a case where it was difficult to manufacture the 
optical waveguide of the property of the request corresponding to a design specification on the need of 
realizing the cladding layer 4 of a low refractive index to a core. 

[0008] Furthermore, as shown in drawin g 5 (b), there was a problem of this dust serving as [ in / partial 
3a which should become a core will be exposed to an external environment into a production process, 
and the dust in an environment (dust and impurity) etc. adheres, and / in becoming the cause of 
scattering loss **** / subsequent heat-treatment ] air bubbles, and inviting scattering loss again. 
[0009] This invention aims at offering the optical waveguide which has the structure where 
improvement in a property can be aimed at, and its manufacture approach while it can be accomplished 
in view of a technical problem on such a conventional technique and can reduce the number of 
production processes sharply. 
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MEANS 



[Means for Solving the Problem] In the optical waveguide of which the clad which laid the core 
underground is formed on a substrate, and this invention consists in order to attain such a purpose, and 
its manufacture approach It consists of glass material with a respectively equal refractive index, and is 
Ge02 to an interlayer. By carrying out the laminating of the three-layer thin film layer to contain on a 
substrate, and irradiating light with a wavelength of less than 260nm at the part which should form the 
core in said interlayer Said core and clad were realized by carrying out induction of the refractive-index 
change which is different in a part for the non-irradiated area of said thin film of three layers. 
[001 1] Moreover, in said interlayer, it is 5% of the weight or more of Ge02. Only B-2 03 which 
compensates a refractive-index difference with the layer of the remainder of said thin film layer It is 
made to contain. Said core and clad were realized by carrying out induction of the refractive-index 
change which is different by irradiating light with a wavelength of less than 260nm in a part for the non- 
irradiated area of said thin film of three layers to the part which should form the core in said interlayer. 
[0012] Moreover, it is B-2 03 to the layer except said interlayer of said thin film layers. P2 05 Said core 
and clad were realized by making both or either contain and carrying out induction of the refractive- 
index change which is different by irradiating light with a wavelength of less than 260nm in a part for 
the non-irradiated area of said thin film of three layers to the part which should form the core in said 
interlayer, 

[0013] Moreover, we decided to apply the parallel light by which outgoing radiation was carried out 
from the KrF excimer laser with a wavelength of 248nm to said light. 
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EXAMPLE 



[Example] Hereafter, one example of the optical waveguide by this invention and its manufacture 
approach is explained with a drawing. First, the manufacture approach is explained based on drawin gj, . 
As shown in this drawing (a), the laminating of the lower cladding layer 6, the core formative layer 7, 
and the up cladding layer 8 is carried out one by one by the flame volume method (FHD law) on a 
silicon substrate 5. 

[001 5] Here, the lower cladding layer 6 and the up cladding layer 8 are B-2 03. 5 % of the weight and 
P2 05 Forming with the silicon glass contained 7% of the weight, the core formative layer 7 is Ge02 15 
% of the weight and B-2 03 The relative index difference of the core formative layer 7 to the lower 
cladding layer 6 and the up cladding layer 8 was made for the direction of the core formative layer 7 to 
change highly about 0.02% by forming with the quartz glass contained 20% of the weight. Furthermore, 
thickness of about 7 micrometers and the up cladding layer 8 was set [ the thickness of the lower 
cladding layer 6 ] to about 10 micrometers for the thickness of about 15 micrometers and the core 
formative layer 7. 

[0016] In addition, B-2 03 It is an additive (henceforth a refractive-index fall agent) for reducing the 
refractive index of silicon glass or quartz glass, and is Ge02. P2 05 It is an additive (henceforth a 
refractive-index rise agent) for raising the refractive index of silicon glass or quartz glass. Therefore, as 
described above, in order to set the relative index difference of the core formative layer 7 to the lower 
cladding layer 6 and the up cladding layer 8 as a desired value the lower cladding layer 6 and the up 
cladding layer 8 - respectively - the refractive-index fall agent of the specified quantity ~ B-2 03 a 
refractive-index rise agent ~ P2 05 While controlling the refractive index of these layers 6 and 8 by 
making it contain It is refractive-index low laxative B-2 03 of the specified quantity to the core 
formative layer 7, respectively. Refractive-index rise agent GeO 2 The refractive index of this layer 7 is 
controlled by making it contain. 

[0017] However, the setting mode of this content is a selection matter, and is not limited to this, for 
example, quartz glass ~ 5% of the weight or more of Ge02 the refractive-index fall agent which the 
lower cladding layer 6, the up cladding layer 8, and the core formative layer 7 are made to contain so 
that the relative index difference of the core formative layer 7 to the lower cladding layer 6 and the up 
cladding layer 8 may change with a predetermined value beforehand supposing the core formative layer 
7 made to contain - B-2 03 a refractive-index rise agent -- P2 05 It may be made to carry out the 
compensatory control of the content suitably. 

[001 8] and in order to perform such a compensatory control Supposing it carries out a laminating to a 
three-tiered structure like the lower cladding layer 6 which shows the silicon glass which does not 
contain these refractive-index fall agents and a refractive-index rise agent at all, and quartz glass to 
drawingj. (a), the up cladding layer 8, and the core formative layer 7 The structure which a refractive- 
index difference does not produce is mutually checked beforehand by experiment etc., and it is suitable 
to set up the content of a refractive-index fall agent and a refractive-index rise agent on the basis of this 
structure. 

[0019] Next, after vapor-depositing a silicone film with a thickness of about 2000 A on the top face of 
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the up cladding layer 8 by the spatter, a photosensitive resist is applied, a desired core pattern is 
exposed, only the part corresponding to the core pattern of the silicone films is removed, and the 
residual silicone film 9 is made to remain by plasma etching by chlorine gas further, as shown in 
drawing 1 (b). Here, in order to set to 6 micrometers the bore r of the core which should finally be 
formed, for example, each width of face of a silicone film 9 was set to 6 micrometers. Moreover, what 
has the pattern configuration of arbitration as shown in drawing 2 (a) - (c) as a photo mask for forming a 
core pattern, for example is applicable. The example of drawin g 2 (a) forms the core pattern for realizing 
eight branch circuits to a glass substrate with a die length [ of L= 40mm ], and a width of face of W= 
5mm. The example of drawmg_2 (b) Forming the core pattern for realizing 2x8 branch circuits to a glass 
substrate with a die length [ of L= 40mm ], and a width of face of W= 5mm, the example of drawin g 2 
(c) forms the core pattern for realizing 4 sets of 2x dichotomy circuits to a glass substrate with a die 
length [ of L= 40mm ], and a width of face of W= 5mm. 

[0020] Next, the part corresponding to the core pattern of the lower cladding layer 6, the core formative 
layer 7, and the up cladding layers 8 is made to carry out diffusion osmosis of the hydrogen gas in the 
condition [ having formed the silicone film 9 ] by holding for about one day into 100 atmospheric 
pressures and a 50-degree C hydrogen ambient atmosphere. 

[0021] Next, the mask 10 which has the core pattern of the same shrinking percentage as the core pattern 
by the silicone film 9 as shown in drawin g 1 (c) is arranged on a silicone film 9, and, for wavelength, 
248nm and reinforcement are 500 kJ/cm2 from the upper part of a mask 10. The optical exposure of the 
KrF excimer laser light is carried out by carrying out the parallel exposure during about 20 minutes at 
the part (part of a core pattern) from which the silicone film 9 is removed. And the silicone film 9 which 
became unnecessary is removed after an optical exposure. 

[0022] Thus, if the light of specific wavelength is irradiated, rather than the field, the residual lower 
cladding layer 6, and the residual up cladding layer 8 of the core formative layer 7 by which light is not 
irradiated, the refractive index of the part (shadow area in drawin g 1 (d)) by which the light of the core 
formative layers 7 was irradiated rises about 0.23%, and, finally can realize optical waveguide from 
which the relative index difference of a core and a clad becomes 0.25%. 

[0023] In addition, the characteristic curve which drawin g 3 shows the observation result of the relative 
index difference of a core and a clad obtained by having irradiated the KrF excimer laser light of the 
above-mentioned conditions, and is shown by O mark in this drawing After making the part 
corresponding to a core pattern carry out diffusion osmosis of the hydrogen gas on the above-mentioned 
conditions The characteristic curve which shows change of the relative index difference over the optical 
irradiation time at the time of irradiating the KrF excimer laser light of the above-mentioned conditions, 
and is shown by ** mark in this drawing Change of the relative index difference over the optical 
irradiation time at the time of irradiating the KrF excimer laser light of the above-mentioned conditions 
is shown by comparison, without carrying out diffusion osmosis of the hydrogen gas. After carrying out 
diffusion osmosis of the hydrogen gas so that clearly from this drawing, by irradiating KrF excimer laser 
light, the part which should serve as a core can be made to generate the crystal defect of a high refractive 
index, and as the continuous line in drawmg_4 shows, finally the core (part of C) of a high refractive 
index can be realized rather than a clad (parts of B and D). In addition, the part A in drawin g 4 is 
equivalent to a substrate. 

[0024] Here, as a result of using the above-mentioned excimer laser, the crystal defect of a high 
refractive index which the exposure of by high intensity and less than 260nm single wavelength light 
(ultraviolet radiation) should be attained, and should serve as a core into the core formative layer 7 is 
realizable. That is, since reinforcement has wavelength width of face low in a low-pressure mercury 
lamp or a deuterium lamp, it is not suitable. 

[0025] Furthermore, although connection loss with a single mode fiber was included when straight-line 
optical waveguide with a die length of 40mm was manufactured and the transmission loss was surveyed 
by this manufacture approach, it is about 0.1 2dB in 0.25dB and an average at at least 0.05dB and max, 
and it was checked that optical waveguide with very little transmission loss is realizable. 
[0026] Moreover, while having eight branch circuits by the mask pattern shown in drawin g 2 (a), when 
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transmission loss of the optical waveguide which used each branching structure as the Y branch mold 
was surveyed, the transmission loss of the whole was 9.65dB (9dB of losses of circuit) on the average, 
and the loss per branching was about 0.2dB. This originates in that the branching configuration of a core 
is good and there is little radiation loss. Moreover, in order to perform the comparison with the result of 
this example, and the conventional technique, when the optical waveguide which has eight branch 
circuits by the combination of the conventional FHD-RIE method using the mask pattern shown in 
drawing 2 (a) was manufactured and transmission loss of that optical waveguide was surveyed, the 
whole transmission loss is 10.5dB on an average, and the 0.8dB improvement in a property was clearly 
found for the direction of the example concerned on the average. 

[0027] Moreover, it is Ge02 by performing the aforementioned high-pressure hydrogen processing 
under low temperature, or performing short-time hydrogen processing at an elevated temperature. It is 
also possible to make relative index difference of a core and a clad 0.1% or more by making the 
precursor of the defect to depend increase and performing the aforementioned optical exposure to this. 
[0028] Since the part which can reduce the number of production processes sharply as compared with 
the conventional technique, and should serve as a core by reaction etching etc. is not beforehand formed 
according to this example as explained above, while being able to carry out flattening of the interface of 
a core and a clad easily, mixing of an impurity etc. can be prevented beforehand, and optical waveguide 
with little scattering loss can be realized. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is an explanatory view explaining the structure of the optical waveguide by this 
invention, and one example of the manufacture approach. 

[ Drawin g 2] It is the explanatory view showing an example of the core pattern of optical waveguide. 
[D rawin g 3] It is the graph which shows the change property of the relative index difference of a core 
and a clad over optical irradiation time. 

[Drawing 4] It is a graph for explaining refractive-index distribution of a core and a clad. 
[Drawing. 5J It is an explanatory view for explaining the manufacture approach of the conventional 
optical waveguide. 
[Description of Notations] 

5 [ - An up cladding layer, 9 / - A silicon layer, 10 / - Mask. ] - A silicon substrate, 6 - A lower 
cladding layer, 7 — The core formative layer, 8 
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